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Method and Apparatus to Improve Tactile Feel for Keyboards and Button Assemblies 

Inventors: 
Michael A. Yurochko and Peter N. Skillman 

Cross-Reference to Related Applications 

[0001] This application claims priority under 35 U.S.C. § 1 19(e) to U.S. Provisional Patent 
Application Nos. 60/455,178, filed on March 16, 2003, entitled "Handheld PDA, Telephone, and 
Camera," and 60/479,392, filed on June, 17 2003, entitled "Communicator." Both of these 
applications are incorporated by reference herein in their entirety. 

Background of the Invention 

Field of the Invention 

[0002] This invention pertains to generally to keyboards for electronic devices and more 
specifically to keyboards for handheld electronic devices. 

Description of the Related Art 

[0003] As electronic devices shrink, their keyboards are being designed to be 
correspondingly smaller in size. Smaller keyboards have keys physically closer to one another 
and have associated problems with tactile feel and key bounce. Conventional keyboards often 
use unitary keys and an associated actuator located under the keys. Smaller keyboards 
sometimes use other types of molded keys. If a small keyboard has molded keys spaced close 
together, the keys are often coupled to each other in some manner. Thus, pressing on one 
molded key pulls on its neighbors, adversely affecting the user's tactile feedback. 
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[0004] Moreover, use of smaller keys often leads to the use of smaller snap domes under 
the keys. These smaller domes have a lower snap ratio and therefore adversely affect the user's 
tactile experience. 

[0005] What is needed is a keyboard that minimizes key bounce and improves the feel of 
the keyboard for the user. The actions of the keys should be decoupled from each other as much 
as possible. In addition, it is desirable that the keyboard be small but that the user still be able to 
type quickly and locate keys by touch. 

Brief Summary of the Invention 

[0006] The above needs are met by a keyboard for an electronic device that incorporates a 
flexible carrier for the keys. The flexible carrier has cutouts or slots that aid in decoupling the 
actions of one key from its neighbors. Moreover, in addition to or instead of cutouts or slots, the 
flexible carrier optionally has cutouts around its outer perimeter to eliminate a "rib" around the 
periphery of the keyboard. 

[0007] In some embodiments, the keys are molded as part of the flexible carrier. In other 
embodiments, the keys are attached to or inserted in the flexible carrier during manufacture. 
[0008] Various embodiments of the invention employ various key shapes to aid the user's 
tactile experience while typing. 

Brief Description of the Drawings 

[0009] Fig. la shows an embodiment in which a flexible carrier is divided into two pieces. 
[0010] Fig. lb shows an example of two keys decoupled from each other and in an 
un-pressed state. 
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[0011] Fig. lc shows an example of two keys decoupled from each other, where one is in a 
pressed state and one is in an un-pressed state 

[0012] Fig. 2 shows an embodiment in which a flexible carrier is divided into four pieces. 

[0013] Fig. 3a shows an embodiment in which a flexible carrier has a plurality of slots. 

[0014] Fig. 3b shows details of a slot of Fig. 3a. 

[0015] Fig. 4a shows an embodiment in which a flexible carrier has a plurality of 
cruciform-shaped openings. 

[0016] Fig. 4b shows details of a cruciform-shaped opening of Fig. 4a. 

[0017] Fig. 5a shows an embodiment in which a flexible carrier has a plurality of round 

openings. 

[0018] Fig. 5b shows details of a round opening of Fig. 5a. 

[0019] Fig. 6a show an embodiment in which a flexible carrier has cutouts around its outer 
perimeter. 

[0020] Fig. 6b shows details of the perimeter cutouts of Fig. 6a. 

[0021] Fig. 7 shows an example of a flexible carrier having domed keys. 

[0022] Fig. 8 shows an example of a flexible carrier having bowl-shaped keys. 

[0023] Fig. 9 shows a detailed example of the bowl-shaped keys of Fig. 8. 

[0024] Fig. 10 shows an example of a flexible carrier having selected keys with inverted 

dimples. 

[0025] Fig. 1 1 shows an example of a flexible carrier having keys with a very slight dome. 

[0026] Fig. 12 shows an example of a flexible carrier having selected keys with peaks. 

[0027] Fig. 13a shows an example of a flexible carrier with a separate overlapping keycap 
thereon. 
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[0028] Fig. 13b shows a detail of a snap dome of Fig. 13a. 

[0029] Fig. 13c shows an example of a flexible carrier with a separate non-overlapping 
keycap thereon. 

[0030] Fig. 13d shows an example of a flexible carrier with a unitary key. 

[0031] Fig. 13e shows an example of a flexible carrier with an actuator key inserted 

therethrough. 

[0032] The figures depict embodiments of the present invention for purposes of illustration 
only. One skilled in the art will readily recognize from the following description that alternative 
embodiments of the structures and methods illustrated herein may be employed without 
departing from the principles of the invention described herein. 

Detailed Description of Preferred Embodiments 

[0033] Fig. la shows an embodiment of the present invention in which a flexible carrier 
100 has serpentine openings between its keys that divides the flexible carrier into two pieces 102, 
104. In the described embodiments, the flexible carrier is a silicone rubber carrier, although 
other appropriate materials can be used. In general, the carrier preferably is formed of a material 
that is at least somewhat tactilely absorbing. Placing one or more openings in flexible carrier 
100 increases freedom of movement of the keys associated with the carrier. 
[0034] As an example of how openings in the flexible carrier serve to decouple key 
movement, Fig. lb shows two keys 140, 150 in proximity on a flexible carrier having an opening 
160. As can be seen in Fig. lc, pressing downward 142 on first key 140 causes depression 161 
of the flexible carrier on which the key is located. Because the flexible carrier flexes at the 
opening 160, the portion of the carrier supporting neighboring key 150 flexes less or not at all. 
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The keys may be formed as an integral part of the carrier 100 or may be formed in other ways, 
some examples of which are shown in Figs. 13a-13e. The invention is appropriate for any 
situation where pressing on a key causes flexing in a carrier of the key, adversely affecting its 
neighbor keys. In general, the width of the openings should be wide enough so that the edges of 
the flexible carrier do not hit each other when they flex. In general, the openings of the flexible 
carrier can be as wide as needed to support a desired key layout, although most layouts require a 
certain amount of surface area on the flexible carrier for it to do an adequate job of supporting 
the keys. In the described embodiment, support for the keys is afforded by top housing holes and 
flat combined with a flexible carrier and the actuators sitting on top of the snap domes. Other 
embodiments may afford key support through a subset of superset of this mechanism. 
[0035] In Fig. la, the two pieces 102 and 104 are serpentine- shaped, in that they each form 
a general U-shape and nest inside each other. In the Figure, the two arms of piece 102 are of 
different lengths while the two arms of piece 104 are approximately the same length, although 
other configurations can be used without departing from he spirit of the invention. Other 
embodiments may use a flexible carrier having serpentine shapes that have more than one bend 
if, for example, the keypad contains a large number of keys. Similarly, other embodiments may 
use a flexible carrier divided into shapes having one bend (as shown) or no bends. Some 
embodiments may divide the flexible carrier using openings having a non-straight edge, such as 
a wavy or zig-zag edge. 

[0036] In Fig. la, a key 106 fourth from the right in the second row contains an inverted 
dimple. This dimple differentiates key 106 from the other keys by touch and allows a user to 
find a key orientation by touch if the user knows which key contains the dimple. It should also 
be noted that flexible carrier 100 contains cutouts along its outer perimeter. These perimeter 
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cutouts are not part of all embodiments. Such cutouts are discussed in more detail in connection 
with Fig. 6a below. 

[0037] Fig. 2 shows an embodiment in which a flexible carrier 200 has openings between 
keys that divides the flexible carrier into multiple pieces 202, 204, 206, 208. In the described 
embodiments, the flexible carrier is a silicone rubber carrier, although other appropriate materials 
can be used. Placing one or more openings in flexible carrier 200 increases freedom of 
movement of the keys associated with the carrier. 

[0038] In Fig. 2, the pieces 202, 204, 206, 208 form rows. In other embodiments, the 
openings are placed so that the pieces form wider rows with more than one row of keys per row 
of the flexible carrier. In other embodiments, the openings are placed so that the pieces form 
columns. In some embodiments, each column has one vertical line of keys. The keys in such a 
column may be arranged in a straight line or staggered. Other embodiments have multiple 
vertical columns with more than one column of keys per column of the flexible carrier. Still 
other embodiments have openings in the flexible carrier dividing the carrier into both rows and 
columns, with one or more keys in each piece so formed. 

[0039] In Fig. 2, a key 2061 fourth from the right in the second row from the top of the 
carrier contains an inverted dimple. This dimple differentiates key 2061 from the other keys by 
touch and allows a user to find a key orientation by touch if the user knows which key contains 
the dimple. It should also be noted that flexible carrier 200 contains cutouts along its outer 
perimeter. These perimeter cutouts are not part of all embodiments. Such cutouts are discussed 
in more detail in connection with Fig. 6a below. 

[0040] Fig. 3a shows an embodiment in which a flexible carrier 300 has a plurality of 
openings or slots. These slots are similar to the openings of Fig. 2, but the openings in flexible 
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carrier 300 do not extend through the perimeter of the carrier 300. As in Fig. 2, the openings or 
slots can be arranged into rows, columns, or a combination thereof. They also can be arranged in 
a serpentine manner similar to that shown in Fig. la. 

[0041] In Fig. 3a, a key 306 fourth from the right in the second row from the top of the 
carrier contains an inverted dimple. This dimple differentiates key 306 from the other keys by 
touch and allows a user to find a key orientation by touch if the user knows which key contains 
the dimple. It should also be noted that flexible carrier 300 contains cutouts along its outer 
perimeter. These perimeter cutouts are not part of all embodiments. Such cutouts are discussed 
in more detail in connection with Fig. 6a below. 

[0042] Fig. 3b shows details of a slot 302 of Fig. 3a. In the described embodiment, the 
slots are located between the keys, but do not touch the keys. This arrangement allows for 
increased stability of the carrier, because it has a flat area intact between the rows of keys. 
[0043] Fig. 4a shows an embodiment in which a flexible carrier 400 has a plurality of 
cruciform-shaped openings 402. In other embodiments, only some of the cruciform openings 
shown in the figure are present. Even a reduced number of openings provides an advantage of 
decoupling key movement. The cruciform shape allows flexing of the carrier while retaining a 
large amount of carrier material, giving rise to a more rugged platform for the keys. Note that a 
bottom row of cruciform shapes have only a partial cruciform shape. 

[0044] In Fig. 4a, a key 406 fourth from the right in the second row from the top of the 
carrier contains an inverted dimple. This dimple differentiates key 406 from the other keys by 
touch and allows a user to find a key orientation by touch if the user knows which key contains 
the dimple. It should also be noted that flexible carrier 400 contains cutouts along its outer 
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perimeter. These perimeter cutouts are not part of all embodiments. Such cutouts are discussed 
in more detail in connection with Fig. 6a below. 

[0045] Fig. 4b shows details of a cruciform-shaped opening 402 of Fig. 4a. In the 
described embodiment, the openings are located between the keys, but do not touch the keys. 
This arrangement allows for stability of the carrier, because it has a flat area intact between each 
row of keys. 

[0046] Fig. 5a shows an embodiment in which a flexible carrier 500 has a plurality of 
approximately round openings 502. In other embodiments, only some of the openings shown in 
the figure are present. Even a reduced number of openings provides an advantage of decoupling 
key movement. The round shape allows flexing of the carrier while retaining a large amount of 
carrier material, giving rise to a more rugged platform for the keys. 

[0047] While approximately round openings are shown in the figure, other embodiments 
use oval openings, or other openings having a closed curve, such as hexagons, squares, free-form 
openings, and so on. Any openings that remove some or all excess carrier material from the 
flexible carrier are within the scope of the present invention. In some embodiments, at least two 
openings have different shapes. For example, the flexible carrier can be divided into wide rows 
and have round openings within the rows. As another example, the openings may be a 
combination of shapes, such as a combination of round and cruciform-shaped. 
[0048] In Fig. 5a, a key 506 fourth from the right in the second row from the top of the 
carrier contains an inverted dimple. This dimple differentiates key 506 from the other keys by 
touch and allows a user to find a key orientation by touch if the user knows which key contains 
the dimple. It should also be noted that flexible carrier 500 contains cutouts along its outer 
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perimeter. These perimeter cutouts are not part of all embodiments. Such cutouts are discussed 
in more detail in connection with Fig. 6a below. 

[0049] Fig. 5b shows details of a round opening 502 of Fig. 5a. In the described 
embodiment, the openings are located between the keys, but do not touch the keys. This 
arrangement allows for stability of the carrier, because it has a flat area intact between each row 
of keys. In general, for all cutout shapes discussed herein, some or all of the cutouts or holes can 
touch the keys as long as there is sufficient carrier material remaining to locate and simplify the 
manufacture process. 

[0050] Fig. 6a show an embodiment in which a flexible carrier 600 has cutouts around its 
outer perimeter. These perimeter cutouts, also called edge detailing, improve the usability of the 
perimeter keys since it eliminates the "rib" that would otherwise surround the outer perimeter of 
the carrier. When present, a rib binds the keys somewhat and inhibits flexing of the carrier at its 
perimeter. Note that, in this embodiment, the keys themselves are not symmetrical. Thus, the 
perimeter cutouts tend also not to be symmetrical, although they could be symmetrical or non- 
symmetrical without departing from the spirit of the invention. As shown in the various 
embodiments above, a carrier having perimeter cutouts can also have additional openings 
therein, 

[0051] Fig. 6b shows details of the perimeter cutouts 602 of Fig. 6a. In the described 
embodiments, the cutouts do not touch the keys, although they do so in other embodiments. 
[0052] Figs. 7-12 show example of various key tops that can be used with the present 
invention to enhance a user's typing experience. It will be understood that the shapes described 
herein are not exhaustive of all possible shapes and are offered here for the sake of example. 
While the examples shown use poly carbonate keycaps covering a flexible silicone rubber 
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carrier, it will be understood that the key shapes shown can be used with a variety of appropriate 
materials. In the described embodiments, key shape is one way that certain keys are tactilely 
differentiated from other keys. For example, numeric keys may have peaks, dimples, domes, 
bowls, etc as discussed below in more detail. 

[0053] It will be understood that the principle of forming openings in a flexible carrier can 
also be applied for key shapes other than those discussed above. For example, certain 
communicators and personal digital assistants such as the palmOne Treo 600 use a five-way 
rocker switch 1003 (show, for example, in Fig. 10). Such a five-way switch also has a flexible 
carrier underneath. In some embodiments, the flexible carrier has openings of a nature similar to 
those discussed above. The flexible carrier can be separate from a flexible carrier corresponding 
to the main keyboard or can be part of a unitary carrier supporting the main keyboard and other 
keys or buttons. Such a unitary keyboard optionally has openings between the five-way switch 
and the main keyboard. Furthermore, flexible carrier openings in accordance with the invention 
can be used in conjunction with a QWERTY keyboard having a flexible carrier beneath. 
[0054] Fig. 7 shows an example of a flexible carrier having domed keys 700. 
[0055] Fig. 8 shows an example of a flexible carrier having bowl-shaped keys 800. Here, 
the bowl-shaped keys are used only on keys that contain numeric symbols, allowing a user to 
tactilely differentiate the numeric keys. In this example, additional keys are the top of the 
keypad are also differentiated by a bowl shape. Fig. 9 shows an example 900 of details of the 
bowl-shaped keys of Fig. 8. 

[0056] Fig. 10 shows an example of a flexible carrier having selected keys 1002 with 
inverted dimples. In this example, the inverted dimples are placed on keys having numerals 
therein (not shown). Thus, the first row of keys having inverted dimples corresponds to "123." 
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The second row of keys corresponds to "456". The third row of keys correspond to "789" and 
the bottom key corresponds to "0". For example, if the small electronic device is in an "alt" 
mode, pressing key 1002 will cause the device to act as if the user had pressed a "7" key. 
Inverted dimples on the numeric keys aid the user in finding these keys by touch, thus speeding 
up both touch-typing and hunt and peck typing. Fig. la, for example, shows an inverted dimple 
on only a single centrally located key 106 (corresponding to "5"). It will be understood that 
other embodiments may use inverted dimples to call attention to other keys instead of numeric 
keys or to keys in addition to numeric keys. 

[0057] Fig. 1 1 shows an example of a flexible carrier having keys with a very slight dome, 
one of the keys having a differentiating dimple. 

[0058] Fig. 12 shows an example 1200 of a flexible carrier having selected keys with peaks 
1202. Here, the peaked keys correspond to numeric keys, similar to the manner discussed above 
in connection with Fig. 10. With peaked keys, the entire key is convex, coming to a dull point in 
the center. 

[0059] Figs. 13a-13e show some examples of keys that can be used in connection with a 
flexible carrier in the present invention. 

[0060] Fig. 13a shows an example of a flexible carrier 1302 with a separate overlapping 
keycap thereon. In one embodiment, the flexible carrier is formed of silicone rubber. In another 
embodiment, the flexible carrier is formed of polycarbonate, but the flexible carrier can be 
formed of any appropriate flexible material that enables key presses to be distinguished. Flexible 
carrier 1302 has a series of raised keys formed thereon. Use of a single carrier makes the feel of 
the keys less mushy since it provides a semi-rigid surface to support the keys when they are 
being pressed. 
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[0061] At least one of the keys is covered with a molded key top 1304. Here, the molded 
key top 1304 does not extend downward to contact the horizontal surface of the flexible carrier 
1302, although it may do so in other embodiments. In one embodiment, the key top is formed of 
a thermoplastic amorphous resin. Other embodiments use crystalline thermoplastic resin or a 
thermoset resin. While key top 1304 is shown with 90 degree edges and a flat top surface, it will 
be understood that the key top shown is shown for the purpose of example, and other 
embodiment may use keys with other corner shapes, such as rounded or beveled, and may use 
concave or convex tops, examples of which are shown in Figs. 7-12 above. It will be understood 
that the relative size and scale of the elements shown in this document is for purposes of example 
only and should not be taken in a limiting sense. 

[0062] A portion of the flexible carrier 1306 contacts a snap dome 1308. When the key top 
is pressed, the flexible carrier flexes sufficiently to allow a portion 1306 of the flexible carrier to 
depress snap dome 1308. Snap dome 1308 connects with an appropriate location 1324 on 
printed circuit board 13 10 to register a key press. 

[0063] Fig. 13b shows a detail of a snap dome of Fig. 13a. When a dome 1320 is 
depressed, a connection area 1324 makes contact with a conductive pad 1322 under the snap 
dome to register a key press. One embodiment uses 4 millimeter snap domes for the main keys 
and uses five millimeter snap domes for several larger keys (such as keys 1005 of Fig. 10), 
although other sizes could be used without departing from the spirit of the invention. The 
invention can be used with both smaller and larger scale keys, buttons, keypads, and keyboards. 
Numeral 1330 shows a height of the snap dome when it is not depressed. Numeral 1332 shows a 
height of the snap dome when it is depressed. 
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[0064] Fig. 13c shows an example of a flexible carrier 1332 with a separate non- 
overlapping keycap 1334 thereon. In this example, the key top 1334 does not extend over the 
sides of the key portion of the flexible carrier. 

[0065] Fig. 13d shows an example of a flexible carrier 1342 with a unitary key. No 
separate key top material is added to a raised key area 1343. 

[0066] Fig. 13e shows an example of a flexible carrier 1352 with an actuator key 1354 
inserted therethrough. In this example, the flexible carrier is insertion molded during 
manufacture and separately formed actuators or keys are inserted therein. In the example, the 
actuator has a lip 1356 extending downward. Other embodiments do not include this lip. 
[0067] The above description is included to illustrate the operation of the preferred 
embodiments and is not meant to limit the scope of the invention. The scope of the invention is 
to be limited only by the following claims. From the above discussion, many variations will be 
apparent to one skilled in the relevant art that would yet be encompassed by the spirit and scope 
of the invention. 
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